INTRODUCTION
The vast range lands of western Kansas occupy approximately one half of that area. They are now recovering from the terrible destruction wrought by overgrazing, drought, and dust-burial during the past decade. Since grass is man's most powerful allv in soil and water conservation, since pastures are tremendously important as the cheapest and most satisfactory feed for cattle, and since the recovery of the western range is not only an economic problem of great importance but a phenomenon of outstanding ecological interest, the redevelopment of the plant cover warrants careful investigation.
The pastures of western Kansas occupy a diversified topography and vary considerably in composition of vegetation. Those on the eastern edge of the area are a part of the mixed prairie association in which certain postclimax tall grasses extend westward in long arms and occupy the more moist soil, especially in ravines, and often intermix with mid grasses on steep hillsides, frequently where the soil is shallow and rocks outcrop. The short-grass diselimax, resulting from long continued grazing of the mixed prairie, occupies the level and gently rolling lands and extends westward over a vast area with decreasing precipitation. Since this blue grama (Bouteloua gracilis)-buffalo grass (Buchloe dactyloides) type is of the greatest extent and importance, it has received major consideration in this investigation. The pastures vary in size from 20 to 40 acres on farms where cultivated land is extensive to several thousand acres on rough land where growing cultivated crops is only incidental to livestock production. In many localities the income from the farm is almost entirely dependent upon livestock (Fig. 1 ).
An understanding of present conditions can be had only by a knowledge of past treatment of the FIG. 1. Range land typical of westeray Kansas where the short grass furnishes most of the forage for livestock. August, 1942. ranges. High wind movement was common throughout the drought period and especially severe during the spring of 1935. Soil which was pulverized by excessive cultivation was carried as dust in large quantities from cultivated fields and deposited in layers or drifts on the drought-stricken prairie plants (Fig. 2) . The cover of native vegetation was thus greatly reduced, in fact, the grasses were almost or completely annihilated over vast areas of range land.
FIG. 2X. Surface soil carried by wind from adjacent cultivated land and deposited in layers and drifts on a sparse, weakened vegetation. Lakin, Kan. July, 1939.
Planted crops failed to grow because of deficient moisture. This compelled the rancher to increase the usual length of the grazing season as well as the intensity of range utilization. This extreme overgrazing was responsible for further decline in the amount of original plant cover. The soil when devoid of native vegetation was often populated by numerous weedy annuals (Fig. 3) . As a result, many farmers were confronted with the problem of increased losses in livestock due to the poisoning effect of various noxious weeds. Moreover, during years of poor productivity these pastures had been withheld from grazing. The heavily grazed class 2 and class 4 pastures had been stocked at the rate of 1 animal unit for each 8 to 12 acres, and grazing was more or less continuous regardless of precipitation.
The class 1 pasture at each station represented the best conditions found in that vicnity.
Grazing was Fght and frequently deferred until about August 1, a practice common among the best cattle producers even before the dry cycle. Drought damage under this type of utilization was reduced to a minimum. These pastures were commonly located at some distance from cultivated fields or if in close proximity to them judicious soil management had been practiced to prevent dust blowing. Thus, coverage by dust, locally known as dusting, was almost negligible (Fig. 4A) . At Phillipsburg the vegetation was identical with that of a class 1 pasture.
Class 2 pastures were subjected to considerably heavier grazing than were those of the first class. Dusting, however, was usually scarcely more intense (Fig. 4B) .
In class 3 pastures grazing was so light that it did not reduce the plant cover. Considerable damage, however, had resulted from dust blown from adjacent cultivated fields (Fig. 4C ). This class is placed third since heavy dusting is even more :njurious to short grass than heavy grazing.
Class 4 pastures were the poorest that could be found in each locality. Grazing and dusting had usually been so severe that little or none of the original vegetation remained (Fig. 4D) .
Twenty meter quadrats, arranged in groups of four for convenience of examination, were staked out in each pasture and clipped annually ( eluded from these areas by means of barbed wire fences. All forage was clipped monthly to within one half inch of the surface of the soil except that harvested only at the end of the summer. The forage was separated into short grass, mid grass, native forbs, and weeds and placed in paper bags. It was air-dried and weighed to the nearest tenth gram. Yields, exclusive of native forbs, were expressed in pounds per acre. Native forbs were not included FiG. 5. View of an exclosure in class 1 pasture near Dighton. The corners of each quadrat were marked permanently with stakes. A thick growth of Lepidium densiflorum gives the appearance of a good stand of grass. since they were absent over 60 percent of the area and were inconsequential in the remainder.
The exclosures and the surrounding pastures were examined monthly. Approximately half of the quadrats were charted (that is, the basal area mapped at a height of one half inch) each fall by means of a pantograph. In charting, only places without cover of native perennial grasses and larger than .8 inch in diameter were considered bare. The percentage of basal cover for each species in each quadrat was obtained by use of a planimeter or by superimposing circles of known area inscribed on tracing paper upon those of the charted quadrat sheet.
Water content of soil was determined at regular intervals throughout the growing seasons of 1940 and 1941. Records of precipitation and temperature were secured from the United States Weather Bureau which has an observer at each of the stations. (Figs. 6 and 7) . Precipitation exceeded the normal, however, only about one third of the time. Rainfall for April and June was below normal at all five stations. It was normal or above at all stations during August, but during the remaining three months it was above normal at some stations and below at others.
ENVIRONMENTAL CONDITIONS
The year 1941 showed still greater improvement in amount and distribution of precipitation. Rainfall was above normal more than half the time from April to September. It was much above normal at all stations during April and June; June, in particular, was an unusually wet month, at most stations the rainfall was at least twice normal. For example, it was 8.7 inches at Phillipsburg and 10.7 at Quinter. The rainfall for the remaining four summer months was somewhat erratic. At some stations it was much above normal, at others considerably below. At Hays, for example, rainfall during May was about .5 inch below normal, while at Dighton it was more than twice normal. Such differences had a significant effect upon the amount of soil moisture and the yield of forage at the two stations. 
SOIL MOISTURE
Determinations of water content of soil were made to a depth of 5 feet each month during the growing seasons of 1939, 1940, and 1941 at Phillipsburg, Hays, and Dighton. Total water content of soil minus the hygroscopic coefficient (which was determined for each soil depth at each station) is designated as water available for growth.
The hygroscopic coefficients of these silt-loam or very fine sandy-loam soils ranged between 9.0 and 13.9 percent.
At Phillipsburg, the soil was moist to a depth of 2 feet in April, 1939, but this amount was soon reduced by vigorous absorption by the rapidly growing vegetation (Fig. 8) . The 0.8 inch of rainfall during Mlay was not enough to supply the demands for plant growth, and when soil samples were taken at the close of the month no moisture was available to a depth of 4 feet and less than 2 percent occurred in the fifth foot.
Showers amounting to 3.6 inches during June but only 0.9 inch in July resulted in less than 5 percent available moisture in the surface foot and none below that depth.
Moisture was further depleted dur'ng August.
Continued drought during the fall resulted in the soil becoming so dry that much of the native vegetation died.
Winter snows and spring rains resulted in moist soil to a depth of a foot by April, 1940. This was soon exhausted and there was no available water On It is probable, however, that some moisture was available in the surface soil at intervals between the samplings.
In April, 1941, available moisture extended to a depth of 2 feet.
Moist soil occurred to 4 feet oi May 31, and by Juiie 30 more than 20 percent moisture was available to a depth of 2 feet and from 5 to 15 to a depth of 5 feet. Moderate drought occurred in the upper soil during July but water was available below 12 inches.
Abundant water for p ant growth was found in the soil during August. The contrast of the favorable conditions of growth in 1941 to -the extremely unfavorable ones in 1940 is very strik-ng.
At Havs, the soil was extremely dry in the sprint of 1939 (Fig. 9) .
Water for growth was available only in the first foot.
This was soon absorbed and by the end of May available moisture occurred only in the first 6 inches.
A month later there was n: moo sture available to a depth of four feet and less than 2 perccnt was present in the fifth foot. By the end of August more than 5 percent available water occurred in the uppcr 6 inches as a rcsult of 3.5 inches of rain received dur'ng the month. foot, and the available soil moisture was less than 10 percent in April. It was less than 5 percent ill May and there was none in June. Total rainfall of 4.2 inches in July resulted in more than 10 percent available moisture in the upper 6 inches, but less than 2 percent in the second six-inch layer. This moisture was quickly absorbed or evaporated and, only a small amount was found in August.
Precipitation during the winter and early spring of 1941 greatly increased the moisture content in the first two feet of soil. The supply was further augmented in Mav when more than 20 percent available water occurred to a depth of 2 feet, and the third foot had nearly 5 percent. Water content in June was somewhat less than in May in the upper 3 feet, but for the first time since 1933 available soil mo-sture was present to a depth of 5 feet. The drought of July coupled with the rapid growth of vegetation reduced the amount of available moisture nearly to zero. During August, with rainfall of more than 4 inches, the amount of available water increased to about 20 percent in the first foot and to a smaller amount in the second.
At Dighton available soil moisture extended to a depth of only a foot in April, 1939 (Fig. 10) Albertson 1937 Albertson , 1938 Albertson , 1939 Albertson , 1941 and Albertson & Weaver 1942) . The predrought average basal cover of the short grasses in 1932 varied between 80 and 95 percent. The extreme drought during the succeeding years greatly reduced the cover. The amount of decrease varied with the intensity of grazing and dusting. In places where judicious range management was practiced and where the pastures were naturally protected from dust blown from cultivated fields, reduction in cover was small. In other pastures, however, where the plants were weakened and coverage by dust was pronounced, the native plant population was reduced almost to zero. The cover and composition of the pastures studied at Hays, Ness City, Quinter, and Dighton follow in order. In the spring of 1940 each pasture was carefully examined before the quadrats were selected. They.were samples of areas which most nearly coineided with the average conditions in the particular pasture.
HAYS PASTURES
Class 1 pasture was given the best care possible during the drought, and the cover in the summer of 1939 was much above normal for ranges in that section of the state. Extended drought in the fall of 1939, however, caused a decrease in the amount of vegetation, and in the fall of 1940 the total cover of short grass was only 37 percent (Table 1) Where lack of soil moisture and not dusting was the cause of the decrease in cover, the individual bunches of grass were not killed but only reduced in size (Fig. 11A) . In pastures where drought and dusting were extreme, the cover of blue grama usually was greater than that of buffalo grass. In the better pastures, however, the reverse was frequently true. The continuous, fairly dense cover of short grass prevented any great amount of invasion of weedy annuals. In the spring of 1940, the class 1 range at Hays was .sparsely populated with annuals, especially Hordeurn pusillum,, Lepidium densiflorurn, and Lappula occidentalis. Nowhere, however, was this crop of weeds detrimental to the pasture grasses. The favorable growing conditions of 1941 were all that were needed to promote a good growth of buffalo grass. The cover of this short grass increased to 86.5 percent, while during the same period that of blue grama was reduced from 14 to 7.6 percent.
In class 2 pasture, the amount and composition of basal cover were similar before the drought to that of class 1. The reduction in 1940, or earlier, was considerably greater, however, due to adverse environmental conditions. The total cover of short grass in 1940 was only 23.4 percent and consisted mostly of small scattered tufts (Fig. liB) .
In most locations the cover was rather evenly divided between the two dominants, but frequently a pure stand of one species took possession of areas varying from one to several square meters in extent. Here, as in class 1 pasture, the blue grama lost considerably during the growing season of 1941. Conversely, buffalo grass made a great increase and had an average cover of 33.1 percent when charted in the fall. In class 3 pasture buffalo grass had nearly disappeared. Blue grama constituted only 9.3 percent and sand dropseed .6 percent. The basal cover and the composition varied so greatly in these dusted areas that it was difficult to select any quadrat that was representative of the area as a whole. The presence of sand dropseed was common to all quadrats, but in some either remnants of buffalo grass or small tufts of blue grama were present. The condition where blue grama formed a greater cover than that of buffalo grass is typical for this area (Fig. liC) . The growth of blue grama during 1941 was phenomenal; its cover increased to 33.9 percent by fall. The number of tillers in each tuft increased manyfold and, as a consequence, the peripheral area occupied by each bunch was extended greatly. It seems that blue grama retained good vitality where it was not buried too deeply by dust, and when the rains came to this rich soil it grew vigorously. This is quite in contrast to its losses in the other quadrats. Sand dropseed had also made fairly large gains and constituted 6.8 percent cover.
Class 4 pasture was located on rather low ground where both mid and tall grasses were formerly common. Due to intensive grazing, however, the composition of this area had gradually changed from that of mid and tall grasses to one of short grasses. The cover had been dense, perhaps 80 to 90 percent, until several years after the beginning of the drought in 1933. The storms of 1935 deposited a thick layer of fine dust over most of this entire area. In many places the native vegetation was completely smothered, in others only small remnants remained. The condition that prevailed in the fall of 1940, when the first charting was done, represented the cover not at its worst but after considerable improvement had taken place during the normal growing season of 1940. The cover of buffalo grass, however, was only 4.6 percent and no blue grama occurred. Seedlings of sand dropseed were present (Fig. liD) .
The small scattered bunches of buffalo grass grew vigorously through the favorable season of 1941 and covered nearly half the soil when charted in the fall. Sand dropseed increased from a few seedlings to a cover of 4 percent.
The absence of blue grama and the presence of so small an amount of buffalo grass in 1940 resulted from heavy dusting and much overgrazing. Dusting in 1935 was so great that every vestige of native prairie vegetation was removed. Buffalo grass invaded these barren areas much more rapidly than did blue grama during the less severe drought years, such as 1938, and had made some growth during 1940 before it was charted in the fall. The rapid increase of basal cover from 4.6 percent the first year to 45.1 in 1941 is eloquent testimony of the recuperative powers of buffalo grass.
NESS CITY PASTURES
Intensity of grazing of the pastures near Ness City was similar to that at Hays. The degree of dusting, however, was considerably more intense. Pastures not severely dusted during the period of drought, and particularly in 1935, were found only with great difficulty; in fact, the condition that prevdiled was one where there was not only a rather continuous layer of dust to a depth of 1 to 3 inches but also great drifts extending in various directions across the range. The characteristic damage from such layers and drifts was the complete obliteration of all vegetation over comparatively large areas. It was not uncommon to find nearly level tracts, even 160 acres in extent, where no native vegetation remained except on sharp inclines where dust failed to accumulate.
Class 1 pasture at Ness City had been given the best treatment that could be found in the locality. Light grazing was common and deferred grazing had been practiced occasionally. grama (Fig. 12A) . In 1941 the amount of vegetation had increased to 43.3 percent, 28.3 being buffalo grass and 15.0 blue grama. The increases occurred mainly through the enlargement of small tufts of grass that were alive in the fall of 1940. In many places, the spread of buffalo grass was very vigorous and greatly exceeded that of blue grama. In fact, when charted in the fall of 1941, some of the bunches of blue grama had disappeared.
In 1940, the cover in class 2 pasture was only 10 percent, about one third was buffalo grass and two thirds blue grama (Fig. 12B) . The characteristic small, isolated tufts of grass prevailed. The increase during 1941 was not equally shared by both short grasses, since buffalo grass ihcreased sevenfold. Of the total cover of 41.2 percent, buffalo grass constituted 22.1 and blue grama 19.1 percent. Tufts of short grasses were less numerous in 1941 than in the in all four pastures both species of short grass made good gains, but those of buffalo grass were the greater.
QUINTER PASTURES
Pastures in the vicinity of Quinter showed considerable variation in the intensity of grazing and amount of dusting. Those on rolling topography, which were usually largest, suffered least from adverse environmental conditions. Even under the most favorable circumstances, however, the extreme drought of 1939 destroyed much of the grass. In the spring of 1940, a large percentage of the short grass on the better pastures had lost the golden straw color which characterizes it when it is dormant but alive. Improvement during 1940 was extremely slow, due to the greatly weakened condition of the vegetation. It seemed as if the urge to grow had been almost completely lost by the drought-resistant relicts even though the plants were still alive.
Pastures on level or only slightly rolling topography were usually subjected to the most intense grazing and dusting, and consequently had suffered the greatest amount of damage. Frequently where the original vegetation had been largely or totally destroyed some of it was replaced by invading perennials such as Sporobolus cryptandrus, Schedonnardus paniculatus, or in extreme cases, by weedy annualsoften Salsola pestifer, Helianthus annuus, Chenopodium album, and Amnaranthus retroflexus.
Class 1 pasture had an average cover of 5.7 percent in 1940. Buffalo grass was present throughout, but it was often concentrated in groups of small tufts. In Figure 13A , its average cover was only 1.6 percent. Blue grama furnished a cover of 2.3 and sand dropseed 1.8 percent. In the fall of 1941 buffalo grass had increased to 14.1 percent and blue grama to 4. Sand dropseed had made a rather phenomenal growth, and even exceeded buffalo grass in increasing its area.
Although class 2 pasture had not been seriously overgrazed according to stocking records, continuous drought, especially in the fall of 1939, had nearly destroyed all vegetation. Relict plants were so weakened that the rainfall of 1940, even though nearly normal, failed to produce any improvement. When charted in the fall, the total cover was only 3.3 percent (Fig. 13B) . The gain during 1941 was somewhat below normal, due no doubt to the weakened condition of the grasses. The cover of buffalo grass was only 9.1 percent in 1941 and that of blue grama 13. Sand dropseed had only .4 percent basal cover.
Class 3 pasture, where dusting was much more severe than in either of the preceding, apparently did not suffer so greatly from the 1939 drought. Amount of vegetation in 1939 was considerably less than in the other pastures but the improvement during 1940 was much greater. Consequently in the fall of 1940, buffalo grass (7.9 percent) was much more abundant than in the better classes of pastures. During the next season it increased to 27.1 percent and blue grama to 7.4 (Fig. 13C) .
Class 4 pasture had no native grass in its cover during either of the two years. Improvement in other pastures at this station occurred almost entirely in 1941, so severe had been the drought. But in 1941 good growth occurred, the gains made by buffalo grass equalling or exceeding those of blue grama. In class 3 pasture, the cover was 21 percent in 1940. Here again, buffalo grass furnished the larger amount. It grew rapidly during the season of 1941 and increased its initial cover of 15.1 percent to 46.6. The number of tufts of blue grama was reduced considerably, but due to the enlargement of those that did survive the former cover of 5.9 percent was decreased only about one third.
Class 4 pasture had been closely grazed for many years. Dusting, particularly in 1935, was very severe. The drifts of soil were so high and numerous that it was impossible to drive over this area for several years following the worst storms. The native plants were completely smothered over most of the pasture. The cover, largely blue grama, was never greater than 3.4 percent ( Table 1) .
This group of pastures represents well the drastic changes that the vegetation had undergone, the actual loss or at least slow recuperation of blue grama which was all but destroyed, and the extremely rapid recovery and wide spread of buffalo grass as soon as. conditions favorable to its growth occurred.
DISCUSSION
The pastures were examined in the fall of 1939 when the drought was so intense that it was impossible to separate with certainty living, dormant plants from those that were dead. Although the plots were selected and fenced in early spring of 1940, amount of living vegetation could not be determined until the occurrence of rains and revival of the vegetation. It was for this reason that quadratting was not done until fall. Hence, the basal area was measured only after a summer of very variable growth under subnormal and unevenly distributed rainfall. Consequently, although the cover was invariably least in class 4 pastures it was not always greatest in class 1. The exceptions were at Quinter where the class 3 pasture recovered best, and at Dighton where both class 2 and 3 pastures had nearly twice as much cover as class These results illustrate the wonderful recuperative powers of both blue grama, the most drought resistant species of the midwest , and buffalo grass, which spreads vegetatively with great rapidity. Except for sand dropseed, which occurred in certain pastures and has during the past few years spread widely over the plains, it seems certain that seedling grasses played a very minor role in the process of recovery. This is in agreement with the earlier extensive work of Savage (1937) and Weaver and Albertson (1936). Albertson and Weaver (1942) in their seven-year study of ranges in Kansas, state: "Despite quantities of seedlings, and rapid propagation of buffalo grass by stolons in 1935 and at other times, periods favorable to growth were usually too short to result in establishment. Flower stalks were sometimes formed but few seeds matured. With dusting and denudation rainfall became less efficient and runoff greatly increased." Weaver and Mueller (1942) ascertained that the average distribution of perennial grass seedlings in mixed prairie in June, 1941, was only 2.4 per square foot. They state that the probability of the seedlings of the dominant range grasses completing their life cycle by production of seeds the first year is remote, since a continuous moisture supply rarely occurs. Even if all the seedlings of perennial grasses (exclusive of the stoloniferous buffalo grass) had survived and made a maximum growth they would have increased the cover less than two percent.
Since most of the increase in cover was due to buffalo grass, its abundance in the several pastures as compared with blue grama is important. In the fall of the first year, blue grama exceeded buffalo grass in abundance in all class 1 and 2 pastures, except class 1 at Hays and class 2 at Dighton. Average amount of each short grass in the group of four class 1 and four class 2 pastures was about the same. 
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. Here the vield increased more in proportion to inrase in cover. The vegetation on this range was somewhat patchy, caused by differences in density and height of the dominants (Fig. 16) in 1941 it increased to 2,OS.5 pounds. Hordeum pusilluim was often represented by 6.000 to 8,000 plants per square meter (Fig. 17) The class 4 pasture had been subjected to heavy grazing for several years previous to 1940, and dusting from adjacent cultivated fields was extreme in 1935 and occasionally severe subsequently. As a consequence, the native vegetation had been practically destroyed. No native grasses were found in the areas marked for clipping. Weeds, however, were abundant. Large plants of Salsola pestifer 2 to 3 feet high, and 4 to 6 feet in diameter were common. The yield of weeds in 1940 was 2,700 pounds and in 1941 it was 2,010 pounds.
DIGHTON PASTURES
Class 1 pasture was composed of short grasses and weeds; here, as at Ness City, no mid grasses occurred in the clip quadrats (Fig. 22) . The cover in 1940 was 10.9 percent and the yield was 106 pounds. In 1941, the cover had increased to 55. The experimental data show the general trends in regard to the effects of drought, dust, and intensity of grazing on cover and yield. Where disturbance has been so widespread and the climatic conditions so erratic, certainly the more uniform results often obtained from a type of grassland of limited range and uniform past history and environment are not to be expected. It is believed, however, that this sampling of a number of apparently similar but widely separated pastures gives a better indication of the prevailing amount and development of the regional vegetation than could be had by more intensive studies on a single range.
A The greatest amount, 750 pounds, was harvested at the end of May when the buffalo grass was heavily laden with seed.
The staminate flowers extended a few inches above the semidecumbent leaves, and produced a characteristic spotted appearance of the landscape so common when this grass is in full bloom. Yield decreased to 431 pounds in June and to 95 in July.
That of August was only 86 pounds. Yields in the class 2 pasture followed somewhat the same trends as the preceding but were signifi- (Fig. 23) . A yield of only 98 pounds in July resulted from a drought of short duration; in August, it was 320 pounds.
Yield at Ness City in 1940 was relatively high ill June in class 1 pasture but low thereafter. It was uniformly low in the other three classes (Fig. 23) . Extremely low yields were produced in all pastures at Quinter in 1940, since the vegetation was sparse and had scarcely recovered from the extremely severe drought of the previous fall. There was some vield at the end of May, 1941, good yields in pasture classes 1 and 3 in June and July, but they were low following the August drought. At Dighton in 1940, low monthly yields were secured, with an increase in growth in August. Conversely, the yields even in May, 1941, were good at all stations and those of June were excellent. Thev were obtained from a vigorous, rapidly increasing cover, with the exception of class 4 pasture.
DISCUSSION
Variability in productivity was due in part to uneven distribution of precipitation but also to the previous experience of the vegetation especially as regards drought, dusting, and intensity of grazing. The very low yields at the two westerly stations, Quinter and Dighton, in 1940 are attributed to two factors-the extremely severe drought that prevailed there during the preceding fall and winter and the low precipitation and small amount of available water in 1940. Rainfall in the spring at these stations was lower than at the others (except Hays in May) and did not promote much growth (Fig. 7) . Low precipitation would account for the depressed yield in June and July, but the vegetation at neither station responded favorably to the 2.5 to 4 inches of rainfall and good water content of soil during August (Figs. 7 and 10) . The late resumption of growth in 1940 at Hays and Ness City was also an after-effect of the fall drought of the preceding year. The greater yield at Hays in class 1 pasture than in the others is explained on the basis of a more rapidly extending and more vigorous cover. While this denser vegetation was undoubtedly exhausting available soil moisture more rapidly than the more scattered plants in the other pastures, the very presence of the cover greatly promoted water infiltration and thus compensated this loss. Moreover, there were more early growing, water dissipating, annual weeds where the perennial grasses were sparse.
In 1941 the heaviest monthly yields occurred in May in class 1 pastures at Hays and Ness City but a month later in the other class 1 pastures. Precipitation was somewhat higher at Hays and Ness City (Fig. 7) and the soil at Hays had much more water available for growth than that at Dighton (Figs. 9  and 10) . Moreover, the vegetation seemed much more vigorous at the stations where growth was earlier. Decrease in monthly productivity after the high early yields was undoubtedly due in part to continuous clipping (Weaver & Hougen, 1939.) . A very dry July followed by a wet August at Hays accounts for the upward trend of the graph of production at this station. From the excellent yield in class 3 and 4 pastures it would seem that dusting stimulated growth under good precipitation, also in both pastures highyielding mid grasses were present. The same effect is evident in class 3 pasture at Ness City where mid grasses were not found. Growth in the several pastures at Quinter showed rather uniform monthly trends. Less than an inch of rainfall in August resulted in little development in late summer. At Dighton the yields in all pastures directly reflect the rainfall of June, July, and August which was about 5, 4.5, and 2 inches, respectively. Decrease in monthly productivity was similar in pastures with only 3 percent basal cover to those with 55 to 73 percent. Here weeds grew in numbers and stature somewhat in inverse proportion to the amount of perennial grasses.
Yield of short grasses, with one exception, was greatest under treatment 4 and least under 1 (Fig.  24) .
This indicates that close clipping of short grass for two seasons tended to reduce the yield and that each of the other treatments were, in order, nearly always less detrimental. In class 1 pastures for example, the average yield of short grass was 1,182 pounds per acre. Under treatment 2 it was 1,463 pounds or nearly 300 pounds per acre greater than under monthly clipping. Under treatment 3 the yield was further increased to 1,624 pounds. The greatest yield was 1,681 pounds per acre in the pasture which had two years of rest (treatment 4). The yield of class 2 pastures was somewhat less than that of class 1, but, with one minor exception, it varied in the same sequence. Under treatments 1 to 4 yields were the defoliation is so frequent as to prevent the rebuilding of root reserves.
Quadrats frequently clipped during a second season always gave lower yields than a single clipping of the controls. In little bluestem the yield averaged 46 and 49 percent less, in big bluestem 28 percent, and in mixed little and big bluestem 43 and 53 percent less than the control. Yields of quadrats frequently clipped during two years were likewise much lower than those similarly clipped for only a single year. In little bluestem, the former yielded 60 percent less, in big bluestem 37, and in mixed bluestems 51 percent. Yields were still further reduced where clipping was continued a third season. Compared with controls they were 56 to 68 percent less, respectively, in little bluestem and mixed-bluestem types. Moreover, when these yields were compared with those from quadrats frequently clipped for two years, they were found to be 42 and 23 percent less, respectively (Weaver & Hougen 1939) . Thus, there is a rapid decrease in yield following too close utilization of a pasture.
McCarty (1938) has shown that the "initial growth of herbage in spring is made at the expense of the carbohydrate accumulations stored in the basal organs during the preceding season. Concentration of carbohydrates in both herbage and basal organs of the plant is inversely related to the rate of herbage ogrowth. This relationship is maintained throughout the entire annual evele of growth. The accumulation of carbohydrates stores is delayed, therefore, until most of the annual herbage growth is produced." It is well known that all of the stored food is not ordinarily used in normal early growth of perennial grasses. But if the new growth is removed by early grazing or clipping there results a diminution in the reserve food: a second close clipping may further deplete the supply. Thus, the progressive increase in yield of the closely clipped quadrats and the final death of many plants may be readily understood. Mixed prairie, for example, in past decades has lost much in its forage production in being reduced to the short grass diselimax. Where upland, little bluestem degenerated into pasture of the short-grass type at Lincoln, Nebraska, the seasonal yield was reduced about half. Biswell and Weaver (1933) found not only that the total dry weight produced from sods frequently clipped after transplanting ranged from 13 to 47 percent of that of the same species of prairie grass unclipped after transplanting but also that the clipped plants failed to produce new rhizomes and many of the old ones died. The length of the roots was greatly decreased, and the relative production of roots was more greatly reduced than that of tops. Plants weakened by repeated clipping renewed growth slowlv if at all after the sods were frozen, although the controls made an excellent development. They give a comprehensive rev ew of the literature. Robertson (1933) has shown the very detrimental effects of removing the tops of seedling grasses upon the growth of both tops and roots. The farmer's experience in recent times has made him well aware of the importance of good pastures for feed during severe drought, for preventing damage from wind erosion, and for combatting damage by floods which often follow prolonged drought. A great problem lies in adjusting livestock to the carrying capacity of the range. The false creed that profits depend on livestock numbers must be replaced by the viewpoint that native vegetation is a pereninial crop and that next year's yields may be lessened somewhat in proportion to the extent of this year's grazing and trampling. It is only slowly being realized that larger immediate returns, to say nothing of future yields, from the midwestern ranges can be obtained from moderate stocking than from overgrazing. Man has under his control the season of grazing, the frequency of removal of the new growth of grasses, and how closely they are grazed. While he cannot prevent droughts he can keep the ranges in good condition to endure them.
SUMMARY
The very extensive range lands of western Kansas are now recovering from the extremely damagung effects of drought and burial under dust. Those that were most judiciously grazed before and during the dry cycle and best protected from dust accumulation, either by large size or by stabilizing nearby tilled land, usually suffered the least degeneration.
At four widely separated stations, Hays, Ness City, Dighton, and Quinter, pastures were selected for study at the end of the most severe drought ever recorded. Four classes of pastures were investigated at each station where the range use was known or where records were obtained. Class 1 had been lightly grazed and lightly dusted, class 2 heavily grazed and lightly dusted, class 3 lightly grazed but heavily dusted, and class 4 both heavily grazed and heavily dusted. A prairie at Phillipsburg had degenerated like the preceding to short grass but only because of drought.
A In class 1 pastures the average yield of short grass was 1,182 pounds per acre under treatment 1; under treatments 2 to 4 it was 1,463, 1,624, and 1,681 pounds, respectively. A sequence of increasing yields was also obtained in class 2 and 3 pastures, the class 3 pasture giving greater yields under each treatment than pasture classes 1 and 2. In class 4 pastures the short grasses were affected less by intensities of clipping than by competition of weeds.
